The effect of inosine on the development of competence is dependent upon the time at which it is added to the competence medium. Competence is inhibited if inosine is added within 15 min after the development begins, but is stimulated if the addition is made at later times. Protein synthesis is stimulated by the addition of inosine, but the effect is quantitatively similar regardless of the time at which inosine is added.
The effect of inosine on the development of competence is dependent upon the time at which it is added to the competence medium. Competence is inhibited if inosine is added within 15 min after the development begins, but is stimulated if the addition is made at later times. Protein synthesis is stimulated by the addition of inosine, but the effect is quantitatively similar regardless of the time at which inosine is added.
Competence in the genetic transformation of Haemophilus influenzae develops in response to a nutritional step-down (7); transfer of cells growing logarithmically in a rich medium to a medium capable of supporting only limited growth results in the appearance of the competent state. The maximum level of competence developed in the population occurs about 2 hr after the shift to the competence medium (4) . Ranhand and Herriott (5) demonstrated that the presence of inosine and lactate in the growth medium enhances the subsequent level of competence attained after transfer to competence medium.
This report shows that a stimulation of competence development in response to inosine can be demonstrated when the cells are in the competence medium, but only if added at least 10 to 15 min after the shift is made. Addition of inosine at any time prior to that is inhibitory. A stimulation of protein synthesis occurs as a result of this addition.
MATERIALS AND METHODS
Media. For growth, the synthetic medium Ml,, (3) was used with minor modifications. The complete medium contains both inosine and hypoxanthine, but for these experiments only one or the other was used. When grown with inosine, a level of 2,000 pg/ ml was used and hypoxanthine was omitted. When grown with hypoxanthine, a level of 5 pg/mI was used and inosine was omitted. Generation times in media containing inosine are approximately 35 min, and in media containing hypoxanthine approximately 50 min. No growth occurs if both are omitted.
For competence development the MV medium (4) was used in all cases. This is a nutritionally deficient medium for H. influenzae, lacking in certain critical growth factors but capable of inducing the development of competence.
Growth of cells and the development of competence.
The synthetic medium MI. was inoculated from a frozen culture of H. influenzae (strain Rd) to an initial density of ca. 5 X fO7 cells/ml. This culture was grown at 37 C to a density of 5 X 108 cells/ml as determined by turbidity measurements at 650 nm in a Coleman Jr. spectrophotometer. The cells were then washed once in medium M-II (7) and suspended in a volume of medium to give a cell density of about 7 X 108 cells/ml. This suspension in MV determines the zero time for competence development. After shaking at 37 C for 100-150 min, maximal levels of competence were obtained.
Transformation. The level of competence was determined by exposing the cells to 1 ,ug/ml of a purified preparation of deoxyribonucleic acid (DNA) isolated from H. influenzae (Rd) resistant to 2,000,pg of streptomycin per ml, by the method of Goodgal and Herriott (2) . After incubation at 37 C with the DNA for 10 min, the cells were diluted in 0.37% Brain heart Infusion (Difco) in 0.15 M NaCl and plated on 3.7% Brain Heart Infusion Agar (Difco). The cells were challenged 2 hr after plating, by the overlay technique, with a final concentration of streptomycin equal to 50 ,g/ml. Colonies were counted after 24 to 36 hr at 37 C.
Radioisotope incorporation. Incorporation of 3H-inosine (2. 86 Ci/mmole; New England Nuclear Corp., Boston, Mass.) or 14C-phenylalanine (0.05 Ci/mmole; Schwarz BioResearch, Inc., Orangeburg, N.Y.) was measured by pipetting 0.1 ml of the culture into 0.5 ml of cold 10% trichloroacetic acid and allowing the mixture to remain on ice for at least 5 min. The precipitate was then washed onto a 0.45-pm nitrocellulose filter (type HA; Millipore Corp.) which had been soaked in a 0.01 M solution of the unlabeled compound and washed three times with 10 ml of cold 5% trichloroacetic acid. After drying, the filters were placed into 20-ml scintillation vials (low potassium; Wheaton Glass Co., Millville, N.J.) with a toluenebased scintillation fluid, using Omnifluor (New England Nuclear Corp.) as the source of primary and 
RESULTS
Effect of inosine when added at zero time or 30 min into competence development. Figure 1 shows the effect of adding 100 jig of inosine per ml, either at zero time in the MV medium or 30 min later, to cells which had been grown in MI, containing 2,000 ,ug of inosine per ml. There is approximately a 40-fold difference between the two in terms of transformability. There may be a slight stimulation over the control sample, to which only the inosine solvent (MV medium) had been added. In any event, the depressive effect seen at zero time is no longer evident 30 min later. Effect on cells grown without inosine. It was thought that the addition of inosine after 30 min in the competence medium might be able to replace the previously observed need for inosine in the growth medium (5) . Figure 2 illustrates the results of an experiment comparing the competence of cells grown with inosine, cells grown without inosine, and with or without inosine addition to the competence medium. Although there is a stimulation to the cells grown with hypoxanthine when inosine is added at 45 min in the MV medium, the level of competence reached is lower than that of cells grown with inosine. Figure 3 shows that the optimal time of addition was at 40 min. The addition of inosine at zero time is inhibitory to competence development, but as the time of addition is postponed, the effect becomes less inhibitory until about 15 min, when the addition becomes stimulatory.
These experiments were conducted so that the cells were transformed at 100 min in the competence medium, normally the time of peak competence, regardless of the time the inosine was added. When the experiment was repeated and the cells were transformed both at 100 min and 60 min after the addition of inosine, it was again found that the optimal time of addition was near 40 min. In all cases the peak of competence appeared near 100 min, though the peak itself was lower if the addition was not made at 40 min ( They were divided into three equal portions, at times of zero, 20, and 40 min after the transfer 100 12g of inosine per ml was added to the proper tube along with 5 ,uCi of 3H-inosine per ml. Samples were taken every 20 min to determine the incorporation of tritium into trichloroacetic acid-precipitable counts. Competence was tested at 120 min.
the surface of H. influenzae. Extracellular inosine has been shown (1) to be rapidly degraded to hypoxanthine plus another product, presumably ribose or a ribose phosphate. The decreasing extent of incorporation may reflect a decreased demand for inosine in the nongrowth competence medium. It is clear that the stimulatory effect is not due simply to a greater uptake and incorporation of inosine, so that a direct, stoichiometric relationship is presumably not involved. 'IC-phenylalanine incorporation after addition of inosine. Protein synthesis is known to be essential for the development of competence in virtually all known transformable bacteria (6) . To determine whether the addition of inosine influenced the synthesis of protein, the incorporation of '4C-phenylalanine was observed during the development of competence. Figure 5 shows the results for cultures which had either no inosine added, or addition at zero time, or 40 min later. At 5 min after adding the inosine at 40 min, there is a burst of '4C-phenylalanine incorporation which begins to slow down about 30 min later. The shape of the 40-min curve is similar to the zero-time curve, only displaced in time.
DISCUSSION
The results presented here show that inosine affects various stages of competence development differently. If it is added 15 min after competence development has begun, there is no effect, but if it is added earlier than that, the development of competence is depressed. If it is added later than 15 min after development has started, however, the level of competence reached is stimulated. The optimal conditions for the time of addition and for the concentration to be used have been worked out.
These effects are not related to the extent of incorporation of inosine in any obvious way. Greater quantities of inosine are incorporated when the addition is inhibitory rather than when the addition is stimulatory, which might imply that the lesser the incorporation, the greater the competence. Samples in which there is no incorporation, however, are the control samples to which the experimental samples are compared, so that this implication is apparently untrue. The stimulatory effect is rather insensitive to the extracellular concentration. The effect must therefore be a temporal one, dependent only upon the time of addition.
It is also shown that the addition of inosine at two separate times is capable of stimulating pro- 
